"This paper is a translation from the Japanese (Jpn. J. Radiat. Manag., Vol 15, 40-45, 2016)" Radiophotoluminescence (RPL) photography has been proposed for the measurement of the spatial dose distribution of high radiation fields. A pulsed UV-LED illuminator was prepared as an excitation light source for the RPL photography. The fluorescence image of RPL material was observed by a gated intensified CCD camera. In a preliminary experiment, several tens of spherical RPL detectors were placed near an intense 60 Co source. The pulsed UV-LED illuminator and the gated intensified camera were pulse-operated to obtain the RPL photograph of the ball-shaped RPL detectors. The spatial dose distribution was calculated from the brightness of obtained RPL images.
Introduction
A fluorescent glass dosimeter is a high-sensitivity, integrated-type dosimeter. It has been used as an individual dosimeter in practical applications 1) . The detection elements used in fluorescent glass dosimeters are made of silver-activated phosphate glass, which produces orange fluorescence according to the absorbed dose under ultraviolet (UV) excitation. The center wavelength of this fluorescence is extremely stable and exhibits little fading at room temperature. Thus, the fluorescence intensity does not decrease, even under repeated UV excitation.
For this reason, the fluorescent glass dosimeter can repeatedly read a radiation dose. This fluorescence characteristic is called radiophotoluminescence (RPL). Silver-activated phosphate glass exhibits superior fading characteristics and fluorescence efficiency when compared with other dosimeter materials 2) .
Therefore, in our research group, we have been developing a spatial dose distribution visualization technology 3) based on the RPL characteristics of silver-activated phosphate glass. Figure 1 shows a schematic of the RPL photography method. UV light generated by a UV illuminator irradiates spherical RPL detectors placed on the object being observed.
The dose distribution is then characterized visually through fluorescence observation. This technology can potentially be used for the simple measurement of high-dose fields within the Fukushima Daiichi Nuclear Plant.
In this paper, we will first describe the RPL characteristics of the fluorescent glass dosimeter material. We will then describe the RPL photography conditions using a gated intensified charge coupled device (ICCD) camera. In our previously reported RPL photography method 3) , a direct current (DC)-operated UV light-emitting diode (UV-LED) was used as the light source.
Moreover, during measurements of the dose, the contribution of stains or predose, which is a glass-specific fluorescence, could not be removed. However, in this study, a pulse-operated UV-LED light source and a gate ICCD camera will be used, which enable high-sensitivity measurements with superior linearity.
Characteristics of the fluorescent glass dosimeter
The characteristics of the silver-activated phosphate glass used in fluorescent glass dosimeters have been reported previously 4, 5) .
Here, we describe the features of the RPL photography method.
Silver-activated phosphate glass produces orange fluorescence according to the absorbed radiation dose under UV excitation. Figure 2 shows the RPL-centric generated mechanism. 
Radiophotoluminescence (RPL) photography device
The RPL properties of wavelength and lifetime described in the previous section were used to obtain highly precise dosage evaluations using RPL photography. . Photoluminescence spectra of RPL glass detector (black arrows). A UV illuminator with a peak wavelength of 365 nm was used as an excitation source. The RPL spectra had a large, broad peak at 635 nm. The curves with the white arrows are the transmittance of the optical filters. Polypropylene hollow balls fill the center of the sphere 3) .
Tests of RPL photography features
Because the glass particles are obtained from the same crushed glass, we investigate whether the sensitivity differences based on individual differences in the ball-shaped RPL detectors are 8 % or less. However, the S/N ratio may decrease slightly.
Dose distribution photography
5-1 Relationship between the captured image and absorbed dose Figure 8 shows the ball-shaped RPL detectors with different absorbed doses and compares an image captured using a commercially available camera (EOS 70D, Canon Inc., Tokyo, Japan) under white light ( Fig. 8(a) ) with that captured using the RPL photography device (Fig. 8(b) ). Figure 8(c) is the digitalimage-processed version of the RPL-captured image luminance.
As shown in Fig. 8(b) and (c), differences in the absorbed dose are confirmed by RPL capture. In fact, the ball-shaped RPL detector is irradiated evenly with γ-rays, and it exhibits high luminance in the central section of the detectors. The luminance is low around the periphery of the sphere. The object in this photograph has a curved surface, and maintaining uniform lighting conditions and fluorescent detection efficiency for all object surfaces is difficult. Figure 9 shows the relationship between the image average luminance and the absorbed dose for ball-shaped RPL detectors with different absorbed doses. The method of calculation is the same as that shown in Fig. 7 . We confirm the linearity in the absorbed dose range of 1-100 Gy.
5-2 Spatial Dose Distribution Measurement Tests
In a 60 Co irradiation facility, we placed 59 ball-shaped 
Summary
In this study, we proposed a method of RPL photography using a pulse UV-LED light source and a gated ICCD camera.
Because the RPL photography conditions rely on the RPL features of silver-activated phosphate glass, we investigated these RPL features. The fluorescence spectrum due to the UV excitation of the silver-activated phosphate glass showed a broad area with a central wavelength of 635 nm and a fluorescence lifetime of several microseconds. When the pulse UV-LED light-source lighting time was set to 1 ms, the I.I was operated with a delay time of 2 ms. These parameters are known to be valid for RPL measurements. The dosage settings based on these conditions were obtained linearly within the range of 1-100 Gy.
Furthermore, in the spatial dose distribution measurement tests, ball-shaped RPL detectors with a diameter of 30 mm were laid out and the spatial dose distribution in high-radiation fields was successfully visualized.
In the future, we plan to make technical improvements so that the developed RPL photography method will be useful in spatial dose distribution measurements within, for example, the Fukushima Daiichi Nuclear Plant. Further issues include making RPL photography devices more compact. 
